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This study aims at enhancing the production of biogas through the use of a mixture of 
organic manures. We used biogas digester consists of plastic polyethylene tank of 250 
Liter capacity, is purchased from local market three digester tank were fabricated from 
local market. Three digester tank were fabricated and design as in fig (3.1) which 
consist of inlet and outlet. The mixtures of manure added to digester through inlet, and 
mixed well by wood stick for ten minutes. the output in the bottom of digester to take a 
samples for analysis , and to empty the digester content of slurry after finishing of 
digestion process. A mixture of cow and chicken manure was prepared using a digestive 
and fermented for 30 days at a temperature of 39◦c.  
The organic substance rate was 10% of the mixture's volume after adding water. It was 
noted that the removal ratio of COD, BOD, TS, VS, Fc from the substrates respectively 
where COD is (46%, 21%, 55%), BOD is (32%, 22%, 44%), TS is (83%,96%, 90%) , 
VS is (90%, 93%, 77%),FC is (99.5%, 99%, 99%). The study shows that the amount of 
biogas produced from the mixture of cow and chicken manures is much higher than the 
amount produced from each manure individually. The study also shows a positive effect 
of bio-manures on the growth and production of plants. 
 
The study recommended the using of amixtures of several organic substances to 
increase the production of biogas of several mixtures of organic substances to increase 
the production of biogas .  


























البيئي الناتج عن لمطاقة، والخطر  الالزمحفوري اال ر بسبب كثرة السكان وقمة الوقودالطاقة في العالم بدأت تند
 حفوري.اال استخدام الوقود
الطاقة المتجددة خصوصًا من المواد  استغاللبخصوص  األبحاثكثير من  بدأت كثير من دول العالم بعمل
 العضوية بأشكاليا المختمفة.
 
ىدفت ىذه الدراسة إلى التعرف عمى تحسين إنتاج الغاز الحيوي باستخدام خميط من مخمفات الحيوانات، وقد تم 
ىاضم من المخمفات 3يث تم تحضير تطبيق العينة عمى كل مخمفات البقر والدجاج ومزيج من البقر والدجاج ح
و بعد إضافة الماء، من حجم 10%وكانت نسبة المادة العضوية في الياضم  33ċيوم عند حرارة  33السابقة لمدة 
 :خميط كالتالي حسب ترتيب المخمفاتلم COD،,TS, BOD Fc,VSمن  األزالةلوحظ نسبة 
COD (46%, 21%, 55%), BOD (32%, 22%, 44%), TS (83%, 96%, 90%), 
VS (90%, 93%, 77%), FC (99.k5%, 99%, 99%) 
إنتاج الغاز الحيوي من خميط الدجاج والبقر أعمى من عينات البقر والدجاج كل عمى  قد خمصت الدراسة أن كمية
الفحص المخبري، وتأثير السماد الحيوي بشكل  خالللوحظ انخفاض نسبة الممرضات في العينات من  حدة ، كما
نتاجمى نمو إيجابي ع  النبات . وا 
 السمادج الغاز الحيوي، واستخدام كما أوصت الدراسة إلى استخدام خمطات مختمفة من المواد العضوية لزيادة إنتا
 عمى نمو النبات والبيئة. جابياإليالكيميائي في الزراعة لتأثيره  بدًل من يالحيو 
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1.1 General Overview 
 
The world in the 21
st
 century faces problem due to growing energy consumption and 
diminishing supplies of fossil fuels. Rapid growth of population and the great development 
in Industrial commercial require large quantities of energy, and create large quantities of 
waste that should be disposed of with environmental negative impacts and costs, further 
their negative impacts on our health. (Vindis et .al, 2010). 
 
 
The environment obliges us to search bout new renewable sources as Biomass. And it's 
considered a major source of energy for mankind from ancient times, it contributes around 
(10-14%) of the world's energy supply and anaerobic digestion of the cattle manure has 
been studied by various people and found to be successful (Venkateswara Rao, 2010). The 
anaerobic digestion offers many environmental benefits (Nelson and Lamb, 2002) .And is 
one of the beneficial process in manure treatment (Sakar, et. al., 2009). The recycling of the 
animal residues reduces the uncontrolled emissions of CH4 during the storage and avoided 
contamination of surface and ground water systems (Romano et. al., 2006). The anaerobic 
treatment of animal byproducts is an environmental friendly; economically viable and 
socially acceptable path way for the energy generating (Wang et. al., 2008). 
 
Biogas can be utilized in various energy services, for example in Sweden biogas is primary 
used for heating purpose followed by use as vehicle fuel and electricity power generation 
(Svensson et. al., 2008). Biogas has been used in Sweden as a vehicle fuel since the 
beginning of the 90's. Sweden in general has taken the lead in the production and utilization 
of biogas as a vehicle fuel. 
 
Palestine has not yet shown any interest in its biomass resources and further research and 
assessment are needed in this field. To estimate the total annual biomass availability where 
the anaerobic process by which biogas can be produced can be carried out in relatively in 
expensive and simple high performance and operating procedures. 
 
Additionally, there considerable experience with production technique in many countries 
and can be applied to small scale for farm and household use , this makes the process more 
profitable on small scale as well as large industrial scale compared with other biofuel 
production technology . 
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1.2 Problem Statement 
 
There is a sharp increase of Palestinian population according a progressive increase of 
energy demand in addition to the lack of fossil fuel. It is necessary to find an alternative 
Methane for bio energy production. So we focus our attention on the use of organic waste to 
produce Methane to satisfy the cooking needs of our population in the Gaza Strip.  
The idea of our work is based on anaerobic fermentation of cow manure, poultry manures or 
organic wastes to produce Methane to use it for cooking purposes. However, production of 
Methane from organic waste is illustrated in figure 1-1 which is obvious that variety of 
organic waste can be used as a basic source of biogas production where cows and chicken 
produce annually is 112000 ton/year manures encourage to be implemented as pilot project 
in Gaza Strip to help in technology transfer, this technology is ideal for Palestinian case, 




































Figure 1.1: Example of substrates which can be anaerobically 




1.3 Objectives  
 
1) To study the effect of different cow manure mixtures with chicken manure in the 
biogas production.  
 
2) Characterize the plant nutrient contents in the Digestate and to evaluate its effect on 
plant growth  
 
1.4 Significance  
 
Successful implementation of project will allow to produce biogas from all organic wastes 
and will enable us to use the digestate as a source of plant nutrients. Large scale 
implementation will enable the development of rural section and reduce the waste 
accumulation and improve the soil properties due to the use of organic waste as organic 
fertilizers, so we will focus in our study on the following points: 
 
1- Produce renewable energy from organic waste to alleviate depends on Fossil fuels.  
2- Replace chemical fertilizers with environmental fertilizers which provide 
moreorganic matter to the soil to enhance its structure and water holding capacity 
(Chaudhary et al., 1996). 
 




























































































2.1 Anaerobic Digestion Technology 
The anaerobic digestion becomes an increasingly attractive manure management technology 
by multiple benefits from the process and it is adopted in both household and medium and 
large (M&L) livestock farms. Livestock manure is collected, concentrated and treated in 
anaerobic digester which can protect ammonia and methane from emitting to atmosphere, 
and reduce the amount of nutrients to rush into groundwater resulting in aquatic system 
eutrophication. Meanwhile, biogas and Digestate produced from anaerobic digestion 
process can be seen as renewable energy fuel and organic fertilizer to substitute of fossil 
fuel and industrial fertilizer in energy and agricultural systems. Therefore, biogas is now 
widely integrated with animal husbandry and become an important means of manure 
treatment in agricultural sector. (Liu Guo Guo, 2010).Anaerobic digestion depends on 
consortia of hydrolytic and acidogenic bacteria working with methane producing bacteria 
(methanogens) growing in structured colonies or films for structural support and metabolic 
interchange. Four stages of chemical reaction in anaerobic digester are shown in Figure 2.1. 
2.2 Mechanism of Biogas Production 
I stage Hydrolysis: In this stage, aerobic bacteria reconstructs high-molecular 
substances(protein, carbohydrates, fats and cellulose) by means of enzymes to low-
molecular compounds like monosaccharide, amino acids, fatty acids and water. 
II stage Acidogenesis: This stage is made by acid-forming bacteria, which 
separatemolecules penetrate into bacteria cells. In order to process well in next stage, this 
process is partially accompanied by anaerobic bacteria that consume the rest of oxygen to 
provide appropriate environment for methane bacteria. Acids, alcohols and gases (carbon 
dioxide, hydrogen sulfide and ammonia) are produced. 
III stage Acetogenesis: Acetic acid is produced in this step for methane formation. 
IV stage Methanogenesis: This is the fourth step in anaerobic digestion process, which 
produces methane, carbon dioxide and water. 90% of methane yield takes place here and 70% 










Figure 2.1:(Degradation processes of biogas production.)(Maghanaki et al.,2013) 
2.3 Literature Review 
Laskri and Nedyah (2015) studied biogas production from different waste. They found that 
the volume of biogas produced is always a function of the residence time of digestion and 
the concentration of  organic matter in the experiment. In addition, Al-Hamamre, et al. 
(2014) evaluated the status and outlook of biomass energy in Jordan revealed that the 
amount of biogas that can be produced from various biomass sources in Jordan is estimated 
of 428 MCM. Furthermore, Al-Jabri, et al., (2013) studied the generation of biogas from 
bio-waste in rural area of Palestine. They showed that biogas can be generated in a big 
quantity in rural area of Palestine using the Indian biogas model.  
Furthermore, Maranon, et al. (2012) evaluated the co-digestion of cattle manure with food 
waste and study to incr4ease biogas production. They found that specific Methane 
production decrease when increasing the organic load rate and decreasing high retention 
time. 
Esposito, et al., (2012) studied the enhanced biomethane production from co-digestion of 
different organic wastes, they found that mixing buffalo manure with organic fraction of the 
municipal solid waste resulted in 12% and 30% higher Methane volume after 30 and 15 
days from the test start respectively. In addition on, Hammed et al., (2012) evaluated the 
renewable energy in the Palestinian territories. They revealed that conversion of animal 
waste into biogas has the potential to meet the needs of 20% of the rural population. 
Moreover, Al-Amin, et al, (2007) studied the biogas unit at the faculty of agriculture from 




0.63m3/m3 while the daily average of biogas production was 18.81m3. they also reduced 
that the average percentage of Methane content in biogas was 66.3% 
The conversion of unused agriculture residue into biodiesel could replace 5% of the 
imported diesel so far. Eshraideh (2002), described the construction and production of 
biomass digesters. They revealed that the possibility of making use of biogas as a source of 






















































































3.1  Materials 
 
The fresh cow manure used in this work was obtained from cows from of the abo 
Elkher farm in Gaza, located east of Jabalia camp and was established in 1978. It 
specelizes in raising poultry and cows. It is also used for vegetation growing from 
different types which were fertilized by bio-fertilizers.The samples was taken during 
one week , after removal and cleaning the farm the collection of residuals was taken , 
about 50 kg of manure was preserved in polyethylene plastic bags in cold temperature . 
The poultry manure was collected from poultry from of Abo – Elkher farm also 50 kg 
of manure was taken. 
 
The amount of 100 kg slurry in the ratio of 10:90% of manure and water were taken 
and mixed well to homogenous mixture, the mixtures are: 
 
1- 10% cow manure + 90% water 
 
2- 10% poultry manure + 90% water 
 
3- 5% cow manure + 5% poultry manure + 90% water 
 
 
3.1.1 Bio Digesters 
 
The bio-digester is physical structure , commonly known as the biogas plant since various 
chemical and microbiological reactions take place in the bio-digester, it is also known as 
bio-reactor or anaerobic reactors he main function of this structure is to provide anaerobic 
condition with it. 
 
In this research, a basic biogas digester consists of plastic polyethylene tank of 250 Liter 
capacity, is purchased from local market three digester tank were fabricated from local 
market. Three digester tank were fabricated and design as in fig (3.1) which consist of inlet 
and outlet. The mixtures of manure added to digester through inlet, and mixed well by wood 
stick for ten minutes. the output in the bottom of digester to take a samples for analysis , and 
to empty the digester content of slurry after finishing of digestion process, temperature of 
digester was measured by using pie inserted in digester . in the upper of tank. The upper of 
digester attached with plastic tube to pass the biogas evolved which connected with pressure 
gage to measure of pressure and evolved gas pass into three containers to purification of 
biogas first container to attract hydrogen sulfide by using fe2O3 second container to absorb 









3.1.2 Biogas Operational Technique 
 
The production of biogas can take place with different operating techniques. Two commonly 
used methods including batch wise digestion and digestion in continuous process. In this work, 
the batch wise process was used. in the batch type digester, the air tight digester tank is charged 
once with substrate manure, the digester is then closed and fermentation is allowed for some 
days in this kind of process digesters are filled with 100kg manure + water, and after 28 
days of retention time the batch process provides the highest degradation of substrate 
materials and all degradable material can be converted to iogas. Each tow day a sample of 
slurry was taken from the digester, and some different parameter was determined as pH, 
EC, TS, COD, BOD, phosphorus sulphat and cations. 
 
The TKN and total carbon was determined in the initial and final digestion. All the 
parameters were analyzed and determined according to standard methods. 
 
The temperature of digester was measured directly from thermometer inserted into the 
digester after each two days the weight of biogas evolved was filled by rubber wheel, and 




1. Digester  
2. Fe2O3 bottle 
3. Ca(OH)2 bottle   








































3.1.3 Biogas Composition 
 
Biogas composition depends heavily on the feedstock, but consists of methane and carbon 
dioxide, with smaller amount (ppm) of hydrogen sulfide and ammonia. Trace amount of organic 
sulfur compounds , hydrocarbons, hydrogen , nitrogen carbon monoxide , and oxygen 
 
are also occasionally present the mixed gas is saturated with water vapor and may contains 
dust particles and siloxanes ( Wellinger and linberg 2000) 
 
Water – saturated biogas from dairy – manure digesters consist of methane , 40-50% 
methane , 40-50% carbon dioxide , and less than 10% sulfur impurities , which the majority 
exists hydrogen sulfide ( Pellerin , et al . 1987) , hydrogen sulfide poisonous , odorous , and 
high corrosive . 







3.1.4 Purification of Biogas. 
 
3.1.4.1 Removal of Hydrogen Sulfide  
 
The ultimate process chosen is depend on the gas use , composition , physical 
characteristics , energy and resources available , byproducts generated. 
 
 
The chemical reactions involved are shown in equations: 
 
Fe2O3 + 3H2S   Fe2S3 + 3H2O……. (1) 




3.1.4.2 Removal of Carbon Dioxide  
 
Calcium hydroxyed (1Mol/L) was disolved in distilled water and Alkaline substances, 
such as hydrated time, CA (OH)2 will react with acid gases like HS, SO2, CO2, Carbonyl 
sulfide and mercaptans in neutralization reactions. 
Ca(OH)2 + CO2  CaCO3+ H2O……….. (3 ) 
 
The best method used to removing of CO2 was Ca(OH)2. 
 
 
Soluble calcium carbonate formed and precipitate in the collecting bottle. 
 
 
3.1.4.3 Removal of Ammonia  
 
The main stages of anaerobic digestion of organic compounds, These are hydrolysis, 
abiogenesis, gametogenesis and methanogens, during these processes, proteins, fats, lipids, 
and carbohydrate, etc., breakdown and decomposes into simple organic compounds, 
 
H3BO3+NH3  (HN4)3 BO3……….. (4)
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3.1.4.4 Biogas withdrawing and weighting 
The first biogas withdrawn was done after 2 days from the time of introducing samples into 
the digesters because all studies indicate that the biogas production began after 3 to 5 days 
from introducing organic wastes into the digester. Other withdraws were did once every day 
(the expected time to get a biogas amount that could be weighted significantly and to avoid 
high pressure may caused by produced biogas in the case of giving longer time between 
biogas withdraws). 
The rubber bag is weighted by the electronic balance Before using, and then it is connected 
to the gas valve of the digester, and when gas valve opened the biogas flow into rubber bag, 
as a result of pressure difference between pressure inside the digester and pressure inside 
the tube. When the gas flow stops, the rubber bag disconnected once time or more and 
weighed with its content. The difference between rubber bag weights before and after 
biogas withdrawing is the weight of biogas which recorded.shows Weighting biogas. 
 
The rubber bag is weighted by the electronic balance Before using, and then it is connected 
to the gas valve of the digester, and when gas valve opened the biogas flow intorubberbag, 
as a result of pressure difference between pressure inside the digester and pressure inside 
the tube. When the gas flow stops, therubberbag disconnected once time or more and 
weighed with its content. The difference between rubber bag weights before and after 





Figure 3.2: Some instruments used for analysis 
Proteins decomposed to soluble amino acids and then to ammonia, which evolved 
with biogas, which decrease the quality of biogas so ammonia will be removed as 






For the measurements of manures slurry and soil parameters in this work, different 
instruments and equipment's wave used. The measurement parameters were measured in 
the Environ + Rural Research Center Islamic university, and center lab for water + soil, 
Ministry of Agriculture. All Instruments were calibrated for using. The parameters 
analyzed from manure+ soil, Instruments used, models and manufactured company we 



































        
 
             
            
 
 PH  PH- meter  Hi 3221  HANNA 
 
        
 
 EC+TDS  Conductivity meter  RL 060C  Thermo 
 
        
 
 COD  COD Reactor CR25  CR 25  Rocker 
 
         
 
 BOD  OXI TOP BOX  ST-COD   WTW 
 
           
 
 TKN  Kjeldahal   UDK 14   VELP Scientific  
 






  Flame photometer  BFP 640  Boekel 
 
            
 Total phosphorus P  Spectra photo meter   UV-1800   Shimad2u   
       
 
  Salfate 
4 
 Spectra photo meter   UV-1800   Shimad2u   
      
 





  Digital Titration unit  DCB 5000  BOECO-Ge 
 
             
 
 
3.3 Methods of Analysis 
 
All analysis of Manure before digestion and after digestion (slurry), Soil and plant was 
carried ant in Palestinian National Authority, Ministry of Agriculture Central Lab. For 
water + Soil, In the Islamic University -Gaza, Environ & Rural Research Center. 
 
Sampling and analysis of manure before digestion and after digestion (slurry) were 
determined according to standard Methods. 
 
3.3.1 Manure and Slurry Analysis 
 
Different Parameters and reference methods used in this work for the manure before and 

















Table (3.2): Different Parameters are used before and after digestion of manures 
 
Parameters   Reference 
    
Volatile Solid (VS)   APHA/AWWA/WEF,1995 
  
Total Solid (TS)   APHA/AWWA/WEF, 1995 
  
Electrical conductivity (EC)   APHA/AWWA/WEF, 1995 
  
COD   EPA 1971 
  




   Spectro photo meter Methods 
  
Phosphate,3−   Murphy and Riley, 1962 
  
    










   Jackson, 1958 
    
Total carbon   Walleye and Black, 1934 
  
 
3.3.2  Soil Analysis 
 
After removal of living material (such as mosses roots, etc) and objects <2 cm , collected 
samples ( preferably not less than 500 g fresh material ) should be transported to the 
laboratory as soon as possible , and should be air dried and should be air dried at 
temperature of 40 c they can then be stored until analysis .The sample is subsequently 
crushed or milled to size > 2 mm. 
 
The soil sample for storage should be kept without preservative under normal room 
conditions with minimal temperature and humidity fluctuations, shielded from incident 
light (ISO 11464.1994). The physic – chemical and mechanical analysis of selected soil 
sample was determined in Palestinian national authority – ministry of agriculture – central 
lab. For waters soil as the following tests. 
 
1- Determination of Soil Moisture. 
 
Calculation and reporting of the results of soil analysis is done on basis of "oven 
– dry" soil. The moisture content of air – dry soil is determined prior to soil 






2- Determination of soil pH 
 
The pH of the soil is potentiometrically measured in the supernatant suspension 
for a 1:5 soil: liquid. This liquid is made up of 0.01 moil solution of calcium 




3- Determination of Bulk Density of Soil. 
 
The dry bulk density (B) is the ratio between the mass of oven dry soil 
material and the volume of the undistributed of oven dry soil material and the 
volume of the undistributed fresh sample. The ISO defines dry bulk density as 
the ratio of the oven – dry mass of the solids to the volume (The bulk volume 
includes the volume other solids and of the pore space) of the soil the (BD) 




4- Determination of Soil Texture 
 
Soil texture refers to the size of the particles that make up the soil. The terms 
sand, silt, and clay refer to relative sizes of soil particles. sand , being the larger 
size of particles , feel gritty , silt , being moderate in size , has a smooth 
particles , feels sticky soil texture of selected soil was determined by Reference 
method ( ISO 11277) 1998). 
 
5- Determination of phosphorus (P) in soil 
 
Available soil phosphorus (P) was extracted by the Bray P and measured by 
murphy blue coloration and determined on a spectronic 20, At 882 Um 
(Murphy and Riley, 1962) 
 
 










The dried sample is extracted with a hydrochloric nitric acid mixture by 
standing for at room temperature, followed by boiling under reflux 2h. The 
extract is then clarified and mad up to volume with nitric acid. Element are 
determined by spectrometry (ISO. 11466.1995) 
 
7- Determination of Electrical conductivity (EC) 
 
Electrical conductivity (EC) of a soil extract is used to estimate the level of 
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soluble salt. The standard method is to saturate the soil sample with water , 
vacuum fitter to separate water from soil , and measure EC of the saturated 
past extract by using conductivity meter . 
 
8- Determination of nitrate (NO
-
3-N) in the soil.  
The total nitrogen was determined by microkjedal method (AOAC, 1970) 
 
9- Determination of digestate parameters. 







3.3.3 Plant analysis 
 
 
In this part of research, the effect of organic fertilizers (manure mixture of cow and 
poultry) were tested and effect on the growth of lattice plant, and improvement of growth 
parameters were tested, as: plant high, leaf area, stem girth, leaf Root number, fresh length, 
weight and leaf thickness. 
The Visual tested also alone as color smoothness of leaf, gloss and Regularity of leafs. 
 
 
3.3.4 Statistical Analysis 























































































4.1.1 Gas Production 
 
The Table (4.1) and Figure (4.0) illustrate the measuring results of biogas productivity 
after 28 days of Digestion for the three digesters. 
 
Table (4.1): Gas Production (Avg ±Stdev) potential of different types of manure. 
 
No. of days 
Biogas /gm 
Cow manure Poultry manure Mixture manure 
1 0 ± 0  0± 0  0± 0  
2 5.71 ± 50705 071 ± 57.1 5.71 ± 50705 
4  05710 ± .75. 55700 ± 1700 55710 ± .75. 
6 55710 ± 57.1 55710 ± 57.1 15710 ± 57.1 
8  10700 ± .70. 05710 ± .75. 1.710 ± 0715 
10  1.700 ± 1700 55710 ± 57.1 0.710 ± 50705 
12  00710 ± 57.1 10700 ± .70. ..700 ± 1700 
14  .0700 ± 975. 19710 ± 57.1 9.700 ± 975. 
16  90700 ± 1700 00700 ± 1700 505710 ± 50705 
18  .5710 ± 0715 .5700 ± 1700 551700 ± .70. 
20  ..710 ± 0715 ..700 ± 5755 55.710 ± 50705 
22 501700 ± .70. 95700 ± 5755 555710 ± .75. 
24 511700 ± .70. 90710 ± 5755 515710 ± 57.1 
26 555700 ± 5755 9.710 ± 0715 51.710 ± 0715 
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Figure (4.0): Result of Gas Production for three reactors 
 
 
Based on our experimentally work each one kg of cow manure can generates kg of 










      
 
         
 
         
 
 0.1209 kg/kg manures  0.1023 kg/kg manures  0.074 kg/kg manures 
 





4.1.2 Effect of pH  
 
Daily measurements of pH values of the manure during the gas production period are 
shown in table(4.1) and Figure(4.1).It can be seen that cow manure has the pH range of 
7.98 – 7.58, where's the chicken has pH values in high ranges × (8.50 – 8.20). 
 
Manure's a mixture has pH range of 7.97 – 7.50, same thing to coos manure. 
The interesting point that cow manures pH is slightly Declined and more acidio range 
indicating the totally of cow manure for biogas production from these result see chicken 
manures contribute more nitrogen and can be degraded to amine acid that have pH 
buffercapacity of solution our result agree with (Ayoub,2012).Who found the same result. 
 
The substrate's acidity is measured by pH., which is an important parameter affecting the 
growth of microbes during anaerobic digestion (advice teal. 2004) for optimal performance 
of microbes the pH. Within the digester should be kept in the range of 6.8 – 8 the pH value 
below or above this interval many restrain the process in the reactor since micro – 
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organisms and their enzymes are sensitive pH. deviation (advice teal. 2004) measuring of 
pH. the three digesters about 7.8 – 8 
 
The slightly acidity increase due to acetogenies process , which the long chain fatty acids 
decomposed into short chain of acids as acetic , formic , propionic acid were formed which 
increase the acidity in the reactors the monitoring of pH. in all reactors . And measured by pH 
meter. The results was tabulated in table (4.2) and represented in Figure (4.2) , this is 
confirmed by ( niJaguan , 2002, advice teal , 2004 ) they explained the cause of 
increasingacidity inside reactor due of formation of high amounts of volatile fatty acids , 
acetic acid, and carbon dioxide produced by the microbes and ammonia. 
 













        
 
             
           
 
0  7.97 ± 0.02  8.50 ± 0  7.97 ± 0  
 
2  7.93 ± 0.04  8.50 ± 0  7.97 ± 0.01  
 
4  7.88 ± 0.04  8.49 ± 0.01  7.90 ± 0.01  
 
6  7.83 ± 0.04  8.48 ± 0  7.97 ± 0.02  
 
8  7.78 ± 0.04  8.41 ± 0.04  7.89 ± 0.13  
 
10  7.74 ± 0.02  8.41 ± 0.01  7.77 ± 0.05  
 
12  7.67 ± 0.07  8.40 ± 0  7.72 ± 0.02  
 
14  7.61 ± 0.01  8.40 ± 0  7.66 ± 0.06  
 
16  7.58 ± 0.04  8.39 ± 0.01  7.64 ± 0.03  
 
18  7.53 ± 0.04  8.33 ± 0.08  7.65 ± 0.01  
 
20  7.54 ± 0.06  8.27 ± 0.01  7.65 ± 0.05  
 
22  7.52 ± 0.09  8.23 ± 0.04  7.56 ± 0.01  
 
24  7.45 ± 0  8.20 ± 0  7.54 ± 0.01  
 
26  7.52 ± 0.09  8.20 ± 0  7.52 ± 0.05  
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Figure (4.2): Relation between pH and digestion time in three reactors. 
 
4.1.3  Hydraulic Retention Time (HRT) 
 
 
The average time spent by the biomass inside a continuous biogas plant before it comes out 
from the gig ester is known as the hydraulic retention time, also abbreviated as HRT. The 
process of degradation requires at teats 10 – 30 days in mephitic condition, while in the 
ophitic environment HRT is usually shorter (penetrates, 2008) 
 
The HRT is determined by the average time it takes for organic material to digest, as 
measured by the COD and BOD of the exiting effluent. 
 
The HRT for most dry ( influent solids content of above 20% 0 anaerobic processes range 
between 14 and 30 days and for wet ( influent solids content of below 20%) anaerobic 
processes can be as low as 3 days . the optimal value varies according to the specific 










4.1.4 Volatile Solid Measurement  
 
Volatile Solid is the weight loss of the sample weighted before and after burning the 
sample at 550 C
o
 for at least 6 hours. The final ash left is equal to the sample mineral 
content. Measurement of volatile solid in the three reactors, in the initial digestion and 
follow after two day to end digestion after 28 days, the results present in the Table (4.3) 
and represented in Figure (4.3). As shows from the figure the volatile solid decrease 
gradually by increasing the retention tine, the loss of volatile solider in the reactors after 28 
days are: 90%, 93% and 85% for cow manure, chicken manure and mixture respectively. 
 
Table (4.3): Valatie Solid (VS.) (Avg ±Stdev) of manures samples investigated during 













       
 
            
 
           
 
0 .5 ± 07.5 500 ± 5755 559 ± 0715 
 
2 89 ± 1700 500 ± 0715 550 ± 0715 
 
4 81 ± 0700 .9 ± 5750 551 ± .70. 
 
6 73 ± 5755 .5 ± 5705 501 ± .70. 
 
8 67 ± 57.1 99 ± 0755 .9 ± 0715 
10 59 ± 1700 90 ± 575. .5 ± 5755 
12 50 ± .70. .1 ± 07.0 .5 ± 5755 
14 43 ± 0715 01 ± .755 9. ± 5755 
16 36 ± 1700 11 ± 07.0 .. ± 55705 
18 30 ± 5790 51 ± .755 09 ± 0715 
20 24 ± 1700 01 ± .755 19 ± 50705 
22 19 ± 5755 51 ± 07.0 5. ± 57.1 
24 16 ± 5790 51 ± .759 0. ± .75. 
26 12 ± 0715 . ± 5750 51 ± .70. 













































4.1.5 Total Solid (T.S) Measurement 
 
Total Solid means the weight of sample left after drying the sample at 105
C
o for minimum 
of ten hours compared with the total weight of the sample before drying. The collection of 
sultry samples from the reactors was taken after each two days and determines the total 
solid, the obtained results present in Table (4.4), and the results represented in Figure (4.4) 
whish shows the decreasing in (T.S) by increasing digestion time entail the final given time 




Table (4.4): Total Solid (TS.) (Avg ±Stdev)of manures samples investigated during 












        
 
             
           
 
0  555700 ± 5790  00.71 ± 0715  55.71 ± 07.5  
 
         
2  50.710 ± 0715  05.71 ± 50705  55071 ± 07.5  
 
         
4  505710 ± 0715  050 ± 55755  550 ± 5755  
 
         
6  550700 ± 1700  5.0 ± 59759  55571 ± 50705  
 
         
8  555700  ± 51710  500 ± 55755  50571 ± 0715  
 
         
10  ..700 ± 5755  500 ± 55755  .175 ±  0715  
 
         
12  .5700 ± 1700  550 ± 55755  9171 ± .710  
 
         
14  91751 ± 07.5  5.0 ± 55755  .1751 ± .700  
 
         
16  .1750 ± .755  5.0 ± 55755  0170 ± .70.  
 
         
18  01751  ± 0790  510 ± 55755  1175 ± 07.0  
 
         
20  11750 ± .701  550 ± 59759  51701 ± .759  
 
         
22  5.750 ± 5710  90 ± 59759  0175 ± .70.  
 
         
24  50700 ± 55705  51 ± 55755  5175 ± .70.  
 
         
26  59710 ± 57.1  5571 ± 50705  5075 ± 1790  
 
         
28  51700 ± 0750  51 ± 1710  55 ± 5701  
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4.1.6  E.C. Measurements 
 
  
In the stage of hydrolysis in the anaerobic etigestion , the enzyme – mediated aitration of 
insoluble organic compounds with high molecular mass , I, e proteins , fast , tipids and 
carbohydrate etc, into soludble organic comonents such as amino acids , fatty acids , mono 
saceharide , and other simple compounds ( Yadvika et. Al , 2004 ). 
 
The insoluble large molecules consist of many small molecules joined together by chemical 
bonds and thus need to be hyarolsis befor entering the bacterial cell, the hyarolysis step is 
carried out by several different anaerobic and facultative bacteria , the results of very small 
components with ionic characteristic , so the conductivity of the manure salary with increase 





Table (4.5): E.C. (Avg ±Stdev)of manures samples investigated duringdigestion 












        
 
             
           
 
0  1001 ± 50570050  1011 ± ..7.9  5.51 ± 00705  
 
         
2  1100 ± 550755  1.51 ± 5.710  5950 ± 55750  
 
         
4  1.01 ± 5.07.9  1...710 ± 557.1  59.1 ± 01700  
 
         
6  1.51 ± ..7.9  1905710 ± 557.1  5.50 ± 1071.  
 
         
8  0501 ± 0.57..  19.5710 ± 05795  0050 ± 55750  
 
         
10  0..1 ± 050759  1.5.710 ± 05795  0551 ± 50070.  
 
         
12  .551 ± 505701  1..1 ± 5.710  0551 ± ..7.9  
 
         
14  .050 ± 511710  0050 ± 55750  0051 ± 00705  
 
         
16  .5.0 ± 95791  0091 ± 55755  0510 ± 95791  
 
         
18  .1.1 ± 01700  0550 ± 1071.  0000 ± 50.7.5  
 
         
20  .050 ± 1071.  05.0 ± 55755  0.00 ± 555750  
 
         
22  ...0 ± 511710  0500 ± 55750  5510 ± 10170.  
 
         
24  9501 ± 005705  0000 ± 1071.  1051 ± 55.75.  
 
         
26  9501 ± .57.5  00.0 ± 55750  1191 ± 15575.  
 
         
28  9100 ± 01700  0500 ± 55750  1..0 ± 005700  
 




























Figure (4.5): Relation between E.C. and digestion time in three reactors. 
 
 
4.1.7 Measurement of COD 
 
 
The chemical oxygen Demand (COD) is the amount of oxygen needed to chemically 
oxidize waste. In the COD test, a strong chemical oxidizing agent is used to oxidize the 
organics. The Primary advantage if COD over BOD is that it is relatively fast, taking 2 to 3 
hours, whereas BOD requires 5 days to complete another difference in the test methods 
that BOD is a biochemical process as a measured by the ability of microbes to degrade the 
organic, where COD is purely a chemical process. 
 
Initially COD in the three reactors were determined and measured gradually each two 
days. The results of COD measurements with digestion time present in Table (4.6). 
 
And graphically represented in Figure (4.6). As shows from the table, and figure, the 









Table (4.6): COD (Avg ±Stdev)of manures samples investigated during digestion process 











         
        
 
             
            
 
0  5..1 ± 55755  9.. ± 5755  5510 ± 0  
 
         
2  5.10 ± 55755  9.071 ± 5755  5500 ± 55755  
 
         
4  5.50 ± 59759  9.571 ± 0715  5000 ± 55755  
 
         
6  59.0 ± 55755  901 ± .70.  5010 ± 59759  
 
         
8  5950 ± 95791  911 ± .70.  5000 ± 55755  
 
         
10  5.00 ± 55750  951 ± .70.  55.1 ± 55710  
 
         
12  50.0 ± 55750  901 ± .70.  5511 ± 55700  
 
         
14  5050 ± 55750  951 ± .70.  550571 ± 59700  
 
         
16  5150 ± 1071.  951 ± .70.  50.0 ± 59700  
 
         
18  5590 ± 59759  ..1 ± 55755  59.071 ± 50700  
 
         
20  50.0 ± .97..  ..0 ± 55755  5.1571 ± 59759  
 
         
22  55.1 ± 01700  .10 ± 55755  5.00 ± 55700  
 
         
24  5551 ± 00705  .00 ± 55755  505.71 ± 01700  
 
         
26  5550 ± 95791  .50 ± 55755  5105 ± 00750  
 
         
28  5000 ± 90700  .00 ± 55700  5150 ± 50700  
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Figure (4.6): Relation between COD and digestion time in three reactors. 
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4.4.8 Measurement of BOD 
  
The Biochemical Demand (BOD) is an empirical standardized laboratory test which 
measures oxygen requirement for aerobic oxidation of decomposable organic matter and 
certain inorganic materials. 
 
This test measure the oxygen utilized for the biochemical degradation of organic material 
(Carbonaceous demand) and oxidation of inorganic material such as sulphides and ferrous ions 
during a specified incubation period. It also measure the oxygen used to oxidize reduced forms 
of nitrogen (nitrogenous demand) a less their oxidation is prevented by an inhibitor. 
 
In this work the amount of BOD was measured after two days in the three reactors. It is 
fined the percentage of reduced BOD after 28 days was: 32%, 78% and 44.4% for cow, 
chicken and mixture manures respectively, the results. 
 
Obtained represented in table (4.7) and Figure (4.7). As shows from Figure (4.7) the 





Table (4.7): BOD (Avg ±Stdev) of manures samples investigated during digestion 












        
 
             
           
 
0  5551 ± .70.  559. ± 51710  5900 ± 5.00  
 
         
2  5500 ± 55755  5505 ± 5.790  5.50 ± 5.50  
 
         
4  5550 ± 55755  5551 ± 01700  5.00 ± 5090  
 
         
6  5510 ± .07.5  5591 ± 55755  5000 ± 5050  
 
         
8  5010 ± .07.5  5559 ± 05795  5050 ± 51.1  
 
         
10  .91 ± 55755  5555 ± 51710  51.0 ± 5100  
 
         
12  .11 ± 55755  50.5 ± 50750  5110 ± 5151  
 
         
14  .00 ± 55755  5059 ± 517.0  5100 ± 5591  
 
         
16  .59 ± 0715  5001 ± 55755  55.0 ± 5510  
 
         
18  .09 ± 50705  5.00 ± 517.0  5500 ± 5501  
 
         
20  991 ± 55755  5.50 ± 557.1  5090 ± 5010  
 
         
22  909 ± 0715  590. ± 007..  5050 ± 5591  
 
         
24  900 ± 0715  5900 ± 59709  5510 ± 5551  
 
         
26  911 ± .70.  590. ± 55705  5590 ± 50.0  
 
         
28  910 ± 1700  5900 ± 51700  5000 s± 5000  
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4.1.9 Soil Analysis 
 
 
Soil analysis can provide information that is important for maximizing nutrient use 
efficiency and agricultural productivity. Soil testing is useful for determining the 
effectiveness of fertilizer management strategies in maintaining Soil fertility and 
sustainable agricultural productivity Soil testing is also a useful tool for identifying the 
causes of nutrients related plant growth problems. 
 
In this work the selected Soile in El – Mashtal site was analyzed , the sample was taken 
from the depth of 0-30 cm , and storage , treatment , and analyzed according to standard 
methods , The slurry produced from the mixture of slurry ( cow and chicken ) was added to 
the soil and after addition can be analyzed . Table (4.8) represent the results of Soil 
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Table (4.8): Parameters of Soil analysis before and after addition of slurry. 
 
The mechanical analysis of Soil was analyzed the results was clay 17.5% 





From the table it is shows that each Na
+






, cl , No3, p k
+
 
were in crease in the soil , because all these cations and anions which slurry 
contents was added to the Soil , so the quality of Soil is improved , It is 
appeared form the Figure (4.8) plant of lettuce was used as example the 
deep green color , large, and thickness and weight of leafs was comparison 
in the case of addition of slurry mixture slurry produced from the digestion , 
This indicate that the mixture slurry was very good used as fertilizer. 
 
Table (4.9): Present the properties quality of plant with and without addition of 
slurry 
 
Properties With Bio-Fertilizers Without Bio-Fertilizers 
   
Weight 950g 540g 
   
Color Very Green Dull and yellow 
   
Area Large Area Small Area 




















With Addition Slurry 
 
 
       
      
 
          
        
 
 Saturation percentage % 17.5  18.6  
 
       
 PH 7.39  7.37  
 
       
 E.C (µs) 2.53  6.54  
 
       
 sodium (PPM) 25.7  172.7  
 
       
 Calcium + Magnesium (mg/l) 2.18  10.23  
 
       
 Chloride (mg/l) 3.59  14.9  
 
       
 Nitrate (PPM) 0.06  74.96  
 
       
 Phosphorus (PPM) 35  91.1  
 
       
 Potassium (PPM) 1.92  17.4  
 

















4.1.10 Microbiology Analysis 
 





Table (4.10): Represent the amount of F.C before and after fermentation. 
 
Samples 
Before fermentation After fermentation 
 




    
Cow manure 400 2 
 
   
 
Chicken manure 400 6 
 
    
Mixture manure 520 3 
 




As shows in the table the amount of F.C highly reduced in the three manures after 














































































The main results and the finding of the study will be summarized to simplify the 
evaluation 
 
for the study objectives, to get out conclusions and the recommendations: 
 
5.1 Conclusion  
 
1) This study shows a large amount of biogas can be retracted from a mixture of two 
types cow dung and poultry more them cow dung or poultry separate 
 
 
2) The use of the outputs of the fermentation process as fertilizer antibiotic used in 
agriculture as an alternative to chemical fertilizer.  
 
 
3) Decline in the Pathogen in the outputs of the fermentation of organic material and 
reached to 99.5%, 99%, 99%.  
 
 
5.2 Recommendation  
 
Depending on the results and observations and the Field survey of the study the 
researcher 
 
recommends the following: 
 
 
1) We recommended using of bio-fertilizer, because of its effective results in the 
production and growth of plants.  
 
2) We recommended Increasing the production of biogas, as an alternative energy 
source, through the use of such cow manures and poultry droppings.  
 
3) We recommended organic waste must be fermented before it's used as bio-fertilizer 




4) Biogas Plants should be constructed to decrease the volume of organic wastes that 
should be disposed of.  
 
5) More studies should be conducted about applying biogas Technology in Palestine to 
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